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SUM M ARY
The paper sum m arizes the physiea) properties o f  brown and hard coats, and o f  their accom  
partying rocks in H ungary. The knowledge of these  param eters, a ithough som e overiapping  
m ay ex ist, renders alw ays possibie to distinguish  coaibearing stra ta  from the sterite iayers. 
i'articuiarty useful results can be achieved by gam m a-gam m a logging. To prove th is fact a 
few  exam ples are given.
T he gam m a-gam m a procedure offers a possib ility  to  determ ine the bulk d ensity  o f  
th e  coal in boreholes. The relationship between the den sity  and ash-content g ives a possib ility  
to calculate the ash-contents o f  the coal.
Further on the paper m akes an attem p t a t determ ining the com bination o f logging procedures 
best su ited to  establish the typ ica l fuel-technical param eters o f  th e  coals.
Coat as an organic sedim ent, considering its composition, physical and 
chemical properties, belongs to  the most complicated mineral raw m aterials. 
Ks properties are decisively influenced not only by the properties of the origi­
nally accum ulated organic m aterial, hut by the process and conditions of the 
coalification as well.
The usual subdivision: peat, lignite, brown coal, bitum inous coal and 
an th racite , provides therefore only an approxim ate delim itation. The phy­
sical properties of the structure gradually change throughout the individual 
coal types.
The typical changes of some param eters are summarized in Figure 1. 
(Carbon, w ater-content, resistivity).
In the geophysical respect the most im portant effects are the compaction 
during coalification and the resulting decrease of the m oisture-content.
During the coalification the surface of the colloidal parts formed by the 
association of molecules decreases too (in comparison with the surface of the 
original compounds) therefore the quantity  of adsorbed water also will be less.
The decrease of m oisture involves increase of the resistivity of the coal.
Besides the m oisture-content the resistivity is determ ined by the electronic 
conductivity which becomes ever more im portan t with the progression of 
coalification. The electronic conductivity is a result of the graphite structure, 
developed progressively during the coalification.
The resistivity of brown and hard coals is also influenced considerably by 
the clay-content. This is supposed )o form a system of three components:
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1. Average trend o f  som e characteristic param eters o f  coals.
the particles insuring electrolytic conductivity  and the ash components are 
embedded into the non-conductivc (or at least poorly conducting) carbonic 
skeleton.
The relationship is complicated by similar trends of the m oisture and 
ash-content ( lab le  II) indicarting some of the m oisture content to be 
bound to ash-producing components.
The typical param eters of the Hungarian coals and s tra ta  traversed by 
coal drillings arc summarized in Table 1. I t  is clear th a t in most cases several 
param eters offer the possibility to indicate coal because there is a definite dif­
ference between the coal-seams, and other members of the coal series, 
all hough some overlapping may be observed in all param eters, except the 
density. ^
Only the gamma-gamma m ethod connected with the density of the layers 
gives an unequivocal indication of coalbearing beds.
Some param eters characterizing the n-radiation measurement (brake- 
effect, cross-section of capt uring, activation) are not included in the mentioned 
table because in this case the data  are not available.
Hxamining the relationships between logs and series of s tra ta  for different 
areas and coals, only three characteristic types emerge:
Logs taken in lignite boreholes are shown in figures 2 and 3. The sedimen­
tary  complex in both boreholes consists besides the coal seams of alternating 
sand and clay layers. The resistivity o f the deposits does not differ very much
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Triassic lim estones or dolom ites . . . 6 0 0 -3 0 0 0 0 - 3 0
1
1 2 .4 - 2 .6
H ard coal, K om ló area ........................ 2 0 0 -1 0 0 0 2 - 1 0 1 - 3 1 .2 - 1 .7
Sandstone ..................................................... 50 -  500 - 1 0  -  20 1 - 2 2 .2 - 2 .6
Trachvdolerites ......................................... 1 0 - 5 0 0 1 - 5 1 - 3 2 .5 - 2 .0
P h o n o l i te .......................................................




=- 500 1 - 2 4 - S 2 .4 - 2 .S
Clays, sla tes ................................................ 1 - 1 0 0 0 6 - 1 0 2 .0 - 2 .3
Clay m arl ..................................................... 100 -  500 0 — 5 4 - 6 2 .0 - 2 .3
Æocene 
Brown coals:
P ilis, Dorog, N agysáp  a r e a .................
T atabánva-O roszlánv area .................
6 0 - 3 0 0
1 0 0 -1 2 0 0 1 +  0 - 2 0 f 1 - 1 0
Clavs ............................................................... 5 - 3 0
5 - 1 0  
) 0 -  + 5 
0
!
( l 2 - 1 5
6 - 0
1 .2 - 1 .5  
1 .7 - 2 .2
Sandy c lays ................................................ 1 0 - 3 0 -  5 - 1 0 3 - 7 l .S - 2 .2
1 0 - 4 0 S - 1 0 3 - 4 1 .6 - 2 .0
L im estones .................................................. SO -  300 -  5 - 3 0 2 - 3 1 .0 - 2 .2
Sandstones .................................................. 31 - 2 0 0 - 1 0 - 3 5 2 - 3 2.0 — 2.2
OMyocene
Tokod — Dorog area brown coals . . . 60 - 1 0 0 2 - 1 0 2 1 .3 - 1 .4
Oroszlány- Maj k area brown coals . . 20 -  SO 2 - 5 0 1 .3 -  1.4
5 - 2 5 0 6 - 1 0 1 .7 - 2 .0
Sandv c lays ................................................ 5 - 3 0 2 - 5 3 - 6 l .S - 2 .2
Clayey m arl ................................................ 1 0 - 3 0 0 - 2 2 - 4 1 .7 - 2 .0
Sandstones .................................................. 2 0 - 1 0 0 -  5 - 1 0 2 - 2 .5
Coal-bearing c l a y s .................................... 2 0 - 5 0 + 5 - 1 0 3 - 5 l . S -  1.7
Borsod area brown c o a l s ...................... 3 0 - 5 0 0 - 7 1 - 2 1 .2 - 1 .6
Nógrád area brown c o a ls ...................... 40 -  60 2 - 5 1 - 2 1 .2 - 1 .6
V árpalota area brown coals .............. 20 -  SO 2 - 5 1 - 2 1 .2 - 1 .3
Clav ................................................................. 2 - 1 0 0 6 - 1 0 1 .5 - 1 .0
Sandy clay  .................................................. 1 0 - 2 0 2 - 7 1 5 - 2 1 .7 - 2 .2
Clayey marl ................................................ 2 - 1 0 0 3 - 4 1 .5 - 2 .3
Sandstones .................................................. 150 0 - 3 1 1 .0 -2 .5 0
1 0 - 2 0 0 2 - 3 1 .5 - 1 .7
R h yolite  tu ffs ........................................... 5 -  50 5 -  20 4 - 6
L ignites .........................................................
Bükkalja, Mátraalja arca ................... 5 - 4 « 0 - 7 i  - 2 1.1 - 1 .3
Torony a rea ..................................................
Clay .............................................................. 2 - ! 0 0 5 - 0 . 1 .5 - 2 .0
1 0 - 5 0 — 2 — 7 3 - 6 1 .6 - 2 .2
Clayey marl ................................................ 2 - 1 0 0 4 - 7 1 .0 - 2 .0
*figures relative to  a lim estone standard  
11*
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2. Lons recorded in iignitc-dritiings 
inW 'estern-H ungary.
3 .!ia c )ia tio n  curves in iignite-driUings.
ttom that ol tin* clay. the indication oi the coai deposits is aeconipiished ties) 
ot alt by ttie means of radiation curves (natural gamma, gamma-gamma 
curves). The SP and apparent resistivity curves are used to indicate the 
sandy members of the sedim entary complex. The neutron-gam m a curve (Fig. 
:;.) is particularly interesting, as it indicates a considerably smaller num ber 
of impulses for the lignite deposits than for clays or w ater-saturated  sands. 
This fact is evidently due to the to tal H -content of lignites (water +  elemental 
H). being higher than the H-content of o ther members in the scries of layers.
1 he typical structures oi the Borsod coal-field and the corresponding logs 
are shown in figure 4.
Below the coal deposits rhyolitic-tuffaceous layers occur. Above these 
layers as reflected in the logs, the seam Xo. 5. is encountered in the series, having 
the greatest thickness and a rather heterogeneous composition. This is clear 
also from the resistivity curves. It is characterized by a minimum on the natu-
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4. [' teotrif toes in the sedim entary com plex o f  the Borsod area.
''al gamma-curve, and by a maximum wit)i graduaHy decreasing values on l tie 
gamma-gamma curve.
Seam No. 5. is immediately overlain by a clayey layer of larger 
thickness, iollowed by a thick banded sandy clayey complex.
The typical members of the upper part of this complex are represented by 
t wo sandy layers (2 — 3 m thick), which can be readily recognized on all records 
and be used to parallelize the layers. Seam No. 4. is underlain by a clay bed.
Above this seam the sedim entary complex consists of frequently alter 
nating clay and sand stra ta , being predom inantly sandy in the near cover and 
containing characteristic beds of slightly sandy clay, showing 2f) —3f) m th ick­
ness higher up in the cover.
In the figure no further deposits of the area are included. The upper part 
ol the series of layers shows a composition characterized by an increasing 
am ount of sand.
The structure of the Eocene brown coal areas inT ransdanubia  is different 
from the previous ones.
In  Figure 5 the dolomite as a deep substratum  does not appear because it 
was no t reached by the drilling. The imm ediate footwall of the lower coal
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.1 . Logs recorded in a borehole traversing an E ocene coal-deposit.
seam consists of clays. The location of the coal seam can he indicated by 
means of gamma-gamma curves, h u t a more exact dclimination is rendered 
possible by Die apparent resistivity curves measured with the short potential 
probe. 11 is typical of these coal seams th a t  they  show a larger 
nal ura! gam m a-activity than the clays. In  the cover of the lower seam there is 
a fresh-water limestone. The bottom  of the next seam-group is formed by clay. 
The depth of the upper seam can tie the m ost successfully determ ined 
by resistivity curves. In other properties they  are also alm ost identical with 
1 tie lower seam.
Above this seam a very thick clayey-marly complex of heterogeneous 
structure (Molluscan clayey marl) may be found. The next typical m em ber of 
the series is the Nummutitie limestone belonging already to the middle Eocene.
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6. Logs o f  coal-bearing series o f  th e  M ecsek-area.
In the case ot hard coals — although the previous statem ents hold approxi­
mately -  the situation is more complicated, as a result of the structu re  of the 
Mecsek area (Figure 6). In the coal-hearing complex sandstones, clayey-marl 
and coal-seams alternate with considerably changed properties in the surround­
ings of trachidolerite intrusions. The delim itation of the coal-seams can be 
accomplished only by the  analyses of 8P, resistivity  and radioactiv ity  records.
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Determination of the Quality of Coals
Front the fuel-technical point of view the most im portant characteristics 
are as follows:
ash-content 
m oisture-content, and 
calorific value.
The above properties are more or less well-defined by the physical 
param eters recorded in the boreholes. Between the luel-technical characteris­
tics a connection is expressed by the S e v i e r  formula*)
where Q =  heat of combustion
(' =  percentage of carbon content
H = percentage of hydrogen content 
(T =  percentage of oxygen content
The above formula is supplemented by the foilowing relation
The unknown quantities in the above formula are: the percentages of C, H. 
H„0 and ash.
As a first approxim ation th - determ ination of oxygen may be omitted 
since ithasasm allc rin fluence  upon the value of Q than the other two com­
ponents.
The determination by geophysical measurements of the tour parameters 
mentioned seems to be possible on the basis of the following considerations.
Determination of ash-content
The measuring of scattered gamma radiation (gamma-gamma intensity) 
in the borehole offers some possibility to determine the percentage of ash.
In connection with the gamma-gamma activ ity  the relationship between 
the density and ash content of coals has to be investigated first.
The density of pure carbon is 1,85 gr/cm^ (that of graphite is 2.25 
gr/cm3), but the density of huminites contained by the m ajority ol brown- 
coals is 1 ,2 -  1.35 gr/cnr*, the density of oxinites contained in a lesser proportion 
is 1,35—1.55 gr/ems.
* There are several sim ilar formulae in the literature which m ay he applied w ith more or 
!(rss success to the different coat types.
The coal contains, however, ash forming m aterials, too. wltieh increase its 
density, because the density of the ash-forming m aterials is Generally 2 .0 - 2  5 
gr/cm'f
In Hungary from the view point of ash-composition the brown coais can 
be divided in principie into a carbonatic type and a silicatic type. According 
to our investigations the difference between these two types is small since 
their density shows only a small fluctuation.
The density of coal increases with the increasing ash-content. The relation­
ship is shown in Figure 7. in  the theoretical curve for the density of ash-free coal 
1,26 gr/cnr' while for the average density of ash-forming m aterials 2,2 gr/cm^ 
was used. The figure represents the result; of laboratory measurements, perfor­
med on different coal-samples and some d a ta  obtained from the Coal Mining 
Trusts. The theoretical curve is in good agreement with the observed data. '
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7. Average ash-content and specific gravity o f coats o f  som e Hungarian coat-deposit areas.
colloid-gel has a considerable porosity, corresponding to its nature, 
therefore the density of coal differs considerably from that of the coal-forming 
materials.
It is known iront the gamma-gamma measurem ents th a t the in tensity  of 
the scattered radiation may be expressed as a function of the param eters of 
the material by the following empirical formula
where p denotes the density; ¿ is the length of the probe, A is the absorption 
coeiiicient, estim ated at ^  0,06 cm^/gr for common rocks and for steel-covered 
probes.
) -  ANNALES — G eológica, T om u s VIU.
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However the sample contains not only the atom s ot the coal components, 
hut the atom s of its water content too. therefo re  the effective density in the 
gamma-gamma measurements shows the tollowing relation to the true density 
of coal:
where o is the density determ ined by gamma-gamma m easurem ent, pcoat is 
the density of coal, <p is the value expressing the w ater-content, i. e. 
porosity.
It has been shown previously, th a t the ash-content ot coal is proportional 
to its density. However, there exists no direct relationship between the ash 
content of the coal and the gamma-gamma radiation in tensity  observed in 
the borehole, as the gamma-gamma intensity  varies with the changing porosity 
of the coal even in the case of a constant ash-content. In practice as a first 
approxim ation, however, the porosity may be assumed to be constant and so 
the variation of gamma-gamma intensity  can be regarded as a change in ash- 
content. A corresponding relationship is shown in Figure 8., as a result of our 
measurements in the Horsod-area.
S. Distribution ot gam m a-gam m a anom atics and ash-<-ontcnt ot t oats in a bort holt* ot t!u Borsod
area.
It can be established from the figure, th a t the resolving ability ol the mea­
surement must be increased in order to apply this method 10 the invostigaton 
of thinner layers.
G eophysica l in v estig a tio n  o f  c o a l-ex p lo ra tio n  d rillin g s 17t
Determination of moisture-content
To the moisture-content determination o f coals the measurement o f neut­
ron-gamma radiation appears to he suitable.
In  the composition o f coals the moisture-content takes an im portant role 
especially a t low and medium coalification. This is shown in Figure 1 
and more clearly in Table I I . ,  where the moisture-content o f the different 
coal-types is given in terms o f weight-percents. The table contains also the 
I I  contents o f the moisture and o f ash-free coal. This H content gives the 
typical cross-section affecting the braking and capture o f neutrons. The im por­
tance o f H  content becomes conspicuous only in the case o f brown coals.
7'cMe 77.
i l .  C o m p o s itio n  o f  h u m in i t ic  co a ts .
The role o f the carbon and the ash-forming materials can be neglected 
in the cross-section of braking and capture o f coals because the ir atomic cross- 
section is smaller by orders o f magnitude than tha t o f the hydrogen, as i t  
may be seen in Table I I I .
The results ol the computation ol the capture cross-section o f lignites and 
brown coals are as follows.
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% Calorific value Cai.
Original
moisture
H O + H %
B ea t............................................................ 33 t) 39 3000 80 -  90
[earthv brown coat ........................... 63 3 30 0000 4 0 - 6 0
Lump brown coa! ............................. 70 3 23 H200 3 0 - 4 0
Dutt brown coat ............................... 74 3 21 6800 1 3 - 3 0
Subbitum inous coa) ...................... 78 3 t7 "400 8 - 1 3
Marne coat ........................................... SO 3 t3 7600 4 - 1 0
Gas coat ................................................ 84 5 ! t 8000 3 - 4
F at coa) ................................................ SS 3 7 8300 2
bean coat ............................................. 92 4 4 8700 t
A n th r a c ite ............................................. 93 :t 2 8300 2 - 3
Graphite ................................................ too — 7860 —
Composition of coa is 
in terms of atomic % C . U o * Ag 8i
B ro w n  co a t (S a jó  V attey ) 27.4 47.8 22.2 0 .9 t 1.14 1.26
G r o s s - s e c t io n ................................. 0 .0 0 )3 0 .t4 0 4 — 0 .046 0 .0 0 2 6 0 .0 0 1 6
L i g n i t e ............................................. 21.46 53.2 20.85 0 .6 9 0 .72 1.08
C a p tu re  c ro ss -se c tio n  ............. 0.001 ] <5 ** 0 .3 0 3 4 0 .0 1 6 0 .0 1 4
12*
According to the same calculations the capture cross-section of a pure 
quartz-sand of 40 percent porosity, saturated  with fresh water am ounts to 
0,105.
A similar calculation of macroscopic capture cross-seetion and of braking 
make directly evident the fact dem onstrated in Figure 3.. that brown coals 
show essentially a greater neutron-gam m a minimum than  the sands.
The moisture-content decreases rapidly with the coalificationresulting in 
the decrease of ttic neutron-braking and of the capture cross-section. Hence 
at a higher degree of coalification the neutron-gamma anomalies of coals may 
change sign relative to tire sands.
At the same time the data  show the to ta l capture cross-section of coal 
components (except of S in some cases) to be smaller by one order of m agnitude 
tban the cross-section of H. The same is true for the braking cross-section. 
Thus the to ta l H  content of coals may be determ ined by the neutron 
gamma curves. (The disturbing effect of ( 1, of very considerable capture 
cross-section, has a sm allerim portancc than  in oil exploration, because the 
occurring Nat 1 concentrations arc much lower.
The com putation of the m oisture-content in the knowledge of the total 
H content requires the determ ination of the elemental H.
To determine the elemental H-content, in a first approxim ation the 
regional average can be taken, its variation being small. A more exact deter­
mination is offered by the gamma-gamma logging as the H content and density 
show a  close connection.
The moisture content of coals may be determined in principle also by 
the resistivity. The relationships become, however, more complicated, especially 
in the case of brown coals, as a result of clay and absorbed water-content.
In further research the neutron-neutron m ethod offers new possibilities, 
giving the H content completely free of all other disturbing factors.
The investigation of gumma-spectra resulting from the radiation of cap­
tured therm al neutrons suggests a new possibility for the direct detection of 
the carbon content, since the gam m a-radiation of carbon can be definitely 
distinguished from that due to the neutron capture of If nuclei. as can be 
seen in Table 1V. The table summarizes the spectra of neutron capture 
radiation of the most im portant ash-components. For a better understand 
ing, these data  are represented in Figure 9. The method seems to be suited 
to distinguish the effect of H from the o ther constituents. The spectrum 
bands of the ash forming constituents tend to overlap wherefore their 
separation seems to be a difficult task.
The mentioned relationships offer a possibility to determine the charac­
teristic param eters of coal by logging-methods. Tlie practical realization dc 
pends very much on the accuracy of the pertormed measurement, and on the 
problem as to whether the measurements can be freed from the elfects of the 
boreholes.
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4 .9 4 -7 .3 4 13.7
3 .8 3 -4 .7 9 3.04
3 -2 9 -3 6 2 <0.4
Si 149.4
1 .8 4 -3 .0 2




3 -6 7 -4 .3 9.3
.i.55 24.0







4 .3 6 - 3 .9 3
2 .0 0 -4 .4 2 26.8
1.94 27
d .4 t ; -  ).H4 22.2
114 M. M onostori
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